Induction of CD95 (Fas/APO-1) and CD95 ligand during chemotherapeutic treatment may contribute to the death by apoptosis of some tumor cells. In this study, we have analyzed the role of the CD95 system in genotoxic drug-induced death of human breast tumor cells. Incubation of the breast tumor cell lines MCF-7 and EVSA-T with doxorubicin or methotrexate caused apoptosis after 48 h of treatment. These drugs induced a marked increase in the level of CD95 mRNA and protein in wild-type p53-expressing MCF-7 cells. On the contrary, the breast cancer cell line EVSA-T that expresses high levels of an inactive form of p53, did not up-regulate CD95 upon drug treatment. Elevation of CD95 expression by DNAdamaging drugs was notably blocked in MCF-7 cells expressing the human papillomavirus type 16 E6 protein (E6 cells) which prevented p53 accumulation upon DNA damage. However, E6 cells were still killed by the drugs. Furthermore, the genotoxic drugs did not induce the expression of CD95 ligand in MCF-7 cells at doses that caused apoptosis in these breast tumor cells. Moreover, drug-induced apoptosis of breast tumor cells was not prevented in the presence of either a CD95 antagonistic antibody or a CD95 ligand blocking antibody. We also observed a strong synergism between lower doses of DNA-damaging drugs and CD95 agonistic antibody in the induction of apoptosis in MCF-7 cells. In summary, our data indicate that drug-induced apoptosis of breast tumor cells occurs by a CD95/CD95L-independent mechanism although by elevating the tumor suppressor proteins p53 and CD95, genotoxic drugs may sensitize breast tumor cells to CD95-mediated apoptosis.
Introduction
Genotoxic drugs have been widely used in antitumor therapy and have been shown to activate a death program by apoptosis in many cells. 1 Most DNA-damaging treatments induce the accumulation of the tumor suppressor protein p53 which modulates the cellular response to DNA damage by inducing cell cycle arrests and, in some instances, apoptosis. 2 ± 4 Recent reports indicate that in some tumor cells DNA damage-induced apoptosis may be mediated through the CD95/CD95 ligand system by the induction of both proteins in treated cells. 5, 6 The CD95 (Fas/APO-1) receptor, a member of the tumor necrosis factor/nerve growth factor (TNF/NGF) receptor family 7, 8 is a very potent inducer of apoptosis in the immune system. The specific ligand for CD95 (CD95L) has been identified as a type II integral membrane protein homologous to TNF 9 although it can also be present in a soluble form. 10 Defects in the genes coding for either CD95 or its ligand have been demonstrated to be responsible for certain lymphoproliferative diseases in mice and humans. 11, 12 Outside the immune system the CD95 antigen is also expressed in many non-transformed cells including mammary epithelial cells. 13 In contrast, breast tumor cells express low levels of CD95 mRNA and protein and are usually not killed by anti-CD95 antibodies.
14 Therefore, treatments that can either induce the expression of both CD95 and CD95 ligand or sensitize tumor cells to cell death upon ligation of CD95 receptors in their membranes could consequently be of therapeutical importance. In this respect, recent data from several groups have shown that chemotherapeutic drugs and interferon-g enhance the sensitivity of some tumor cells to either CD95 antibodies or CD95 ligand. 14 ± 16 Recently, a correlation has been found between expression of wild-type p53 and induction of CD95 receptor after g-irradiation of different tumor cell lines. 17 Furthermore, it has been suggested that a p53-responsive element exists in the promoter region of the CD95 gene. 18 The above data prompted us to investigate the effect of DNA-damaging drugs on the viability of different breast tumor cell lines and to analyze the expression of CD95 and CD95 ligand after DNA damage. We have also determined the role of p53 in the regulation of CD95 expression by chemotherapeutic drugs in breast tumor cells. We show here that the accumulation of p53 in drug-treated breast tumor cells is required for DNA damage-induced CD95 expression and that overexpression of p53 is sufficient to increase the cellular levels of this death receptor in breast tumor cells. However, CD95 ligand is not induced by DNAdamaging drugs. Furthermore, up-regulation of CD95 expression is not required for drug-induced cell death in breast tumor cells. Despite the lack of involvement of the CD95 system in the killing of breast tumor cells by genotoxic agents, these treatments enhance the sensitivity of tumor cells to ligation of the CD95 receptor in the cell membrane.
Results

Induction of apoptosis by genotoxic drugs in breast tumor cell lines
In this report we have studied the effect of two genotoxic drugs, methotrexate and doxorubicin, on the viability of breast tumor cells in culture. The results shown in Figure 1a indicate that both drugs killed the breast tumor MCF-7 and EVSA-T cell lines as determined by analyzing the loss of cells from the culture after 48 h of treatment. Similar results were obtained in two other breast tumor cell lines (T47D and MDA-MB-231, results not shown). The genotoxic drugs caused a significant loss of cell viability in both cell lines, although doxorubicin was always more effective than methotrexate ( Figure 1a) .
MCF-7 cells have been reported to lack caspase-3 activity 19 (our unpublished results). This defect resulted in a diminished capacity to activate DNA fragmentation during apoptotic cell death 19 (our unpublished results). To determine if the cell death observed in MCF-7 and EVSA-T cells corresponded to apoptosis, we analyzed the exposure of phosphatidylserine (PS) in the extracellular side of the plasma membrane. Following treatment with genotoxic drugs there was an increase in exposure of PS in both cell lines (Figure 1b) . However, despite significant cell loss (Figure 1a ), PS exposure was markedly reduced in MCF-7 cells (Figure 1b ) compared to EVSA-T cells which express caspase-3 (not shown). This is not surprising as recent results have demonstrated that caspase-3 is involved in the mechanism leading to PS exposure in apoptotic cells. 20 To further confirm that both cell lines were dying by apoptosis, we determined the proteolytic degradation of the caspases substrate poly(ADP-ribose)polymerase (PARP). As shown in Figure 1c , PARP was cleaved to a similar extent in both MCF-7 and EVSA-T cells upon treatment, generating the 29 kDa fragment specific of caspase action.
Genotoxic drugs induce the expression of CD95 in breast tumor cells through a p53-dependent mechanism
To understand the mechanism underlying the death of breast cancer cells treated with DNA-damaging agents, we initially studied CD95 expression in MCF-7 and EVSA-T cells. We used methotrexate and doxorubicin at doses apoptosisinducing ( Figure 1 ) and g-irradiation. All DNA-damaging treatments clearly increased the number of CD95-expressing MCF-7 cells (Figure 2a ) after 24 ± 48 h of culture. In contrast, these treatments failed to induce the expression of CD95 in EVSA-T cells (Figure 2a) . To exclude the possibility that the drug-induced increase in binding sites for anti-CD95 antibody represented merely an enhanced exposure of CD95 protein in the cell surface of MCF-7 cells, we determined the cellular Figure 2b demonstrate that both methotrexate and doxorubicin up-regulated the expression of CD95 protein in MCF-7 cells. the same treatments were not able to induce CD95 protein in EVSA-T cells.
To further investigate the up-regulation of CD95 by chemotherapeutic drugs we analyzed by Northern blot the expression of CD95 mRNA in MCF-7 cells treated with methotrexate or doxorubicin. As shown in Figure 2c , MCF-7 cells expressed low levels of CD95 mRNA in consonance with the protein data (Figure 2b) , as previously reported. 14 However, following genotoxic treatment there was a marked accumulation of two mRNA transcripts of 2.7 and 1.9 kb in MCF-7 cells. These two mRNAs have been already observed in other cell types and are probably generated by an alternative use of two different poly(A) addition signals. 7 It has been proposed that the tumor suppressor protein p53 which participates in the cellular response to DNA damage, could be involved in the up-regulation of the expression of several apoptosis-related genes. 21 Furthermore, it was recently demonstrated that CD95 expression can be up-regulated in hepatoma cells in a p53-dependent manner following treatment with DNA-damaging agents. 6 To determine the role of p53 in CD95 expression in breast tumor cells, we initially studied the p53 response in different breast cancer cell lines. Among the various cell lines analyzed (MCF-7, T47D, EVSA-T and MDA-MB-231, unpublished observations), in this report we present the results with two cell lines, MCF-7 and EVSA-T, which, in terms of p53 activity, represented two opposite examples. In these two cell lines we analyzed the effect of chemotherapeutic drugs on the accumulation of p53 and the expression of the proteins WAF1/p21 and MDM-2 whose genes are regulated at the transcriptional level by p53. 21 Although p53-independent mechanisms have been described for the up-regulation of WAF1/p21 and MDM-2 genes in response to DNA damage, 22, 23 their expression frequently represents an indicator of p53 activity. Figure 3a shows that in MCF-7 cells, p53 level was low in untreated cultures and there was a marked accumulation of p53 after treatment with drugs. In contrast, untreated EVSA-T cells showed a greatly elevated level of p53 and there was only a small increase in p53 after treatments (Figure 3a ). An elevated level of p53 is frequently indicative of reduced degradation by cellular proteases and has been observed in tumor cells with mutated p53. 24 These mutant p53 proteins are frequently devoid of transcriptional activity. 25 The above results with the EVSA-T cell line suggest that these cells might express a mutated and inactive form of p53. To determine whether EVSA-T cells contain an inactive p53 we compared the expression of WAF/p21 and MDM-2 proteins in MCF-7 and EVSA-T cells after (a) CD95 receptor expression was determined by flow cytometry in MCF-7 and EVSA-T cells incubated in the absence (C) or in the presence of 100 mg/ml methotrexate (M) for 48 h, 500 ng/ml doxorubicin (D) for 24 h, or 24 h after 6 Gy g-irradiation (I). (b) Cells were treated either with 100 mg/ml methotrexate for 24 h or with 500 ng/ml doxorubicin for 15 h and CD95 protein levels were analyzed by Western blotting. (c) MCF-7 cells were treated either with 100 mg/ ml methotrexate for 12 h or with 500 ng/ml doxorubicin for 8 h and CD95 mRNA was detected by Northern blot analysis treatment with either methotrexate or doxorubicin. Figure 3b shows that both WAF/p21 and MDM-2 proteins were upregulated in MCF-7 cells following incubation with drugs. In contrast, EVSA-T cells failed to express these proteins in response to chemotherapeutic agents ( Figure 3b ). These results suggest that EVSA-T cells might contain an inactive p53, perhaps explaining why these cells failed to express CD95 following DNA damage (Figure 2a and b) . These results also indicate that drug-induced apoptosis was independent of the CD95 system in EVSA-T cells.
In order to demonstrate that p53 accumulation was required for the elevation of CD95 expression in drugtreated cells, we generated by transfection MCF-7 cells expressing the human papillomavirus type 16 E6 protein.
Overexpression of E6 protein has been shown to induce the degradation of p53 and thus prevent the accumulation of p53 in cells treated with DNA damaging agents. 26 Several clones were analyzed for the accumulation of p53 following treatment with doxorubicin. Figure 4 shows the results obtained with two clones of MCF-7 cells transfected with E6 cDNA (E6 B3 and E6 C1) and one clone of cells transfected with vector DNA (pCMV-neo). As shown in Figure 4a , the clones transfected with E6 exhibited a markedly reduced response to doxorubicin in the accumulation of p53 when compared to the pCMV-neo cells. These results suggest that E6 cells represent a suitable model to analyze the role of p53 in CD95 expression. To this end, we first determined the expression of WAF1/p21 protein, whose gene is regulated at the transcriptional level by p53. Results presented in Figure 4b indicate that in pCMV-neo cells, WAF1/p21 was up-regulated following treatment with doxorubicin. On the contrary, E6 clones failed to elevate WAF1/p21 protein upon drug treatment (Figure 4b ). The same pattern of expression was obtained when CD95 protein was analyzed (Figure 4b ), which demonstrated that induction of CD95 protein by DNA-damaging drugs required the presence of elevated levels of p53.
Temperature sensitive p53-expressing breast tumor cells up-regulated CD95 expression upon shift to 328C
The above results indicated that p53 accumulation is a necessary event in the up-regulation of death receptor expression in breast tumor cells upon treatment with genotoxic drugs. To further demonstrate the importance of p53 activity in regulating CD95 expression in breast tumor cells, we tried to generate MCF-7 cells stably overexpressing a mouse mutant temperature-sensitive p53 (Val135). 27 Transfection of temperature-sensitive p53 into cells has been used to generate an inducible p53 response. 27 ± 30 Shifting the cells from the restrictive temperature (37 ± 388C) at which the protein acquires an inactive conformation to low temperature (328) renders an active wild-type conformation. 27 This approach has made it feasible to demonstrate the involvement of p53 in different cellular processes. 27 ± 30 Several MCF-7 clones which constitutively expressed mouse p53 ts were obtained by transfection. From these clones we chose one that expresses mouse p53 (Figure 5a ) at a level comparable to that of endogenous p53 achieved in MCF-7 Figure 3 Accumulation of p53 protein and expression of WAF1/p21 and MDM-2 in breast tumor cells. Protein levels of p53 (a), p21 and mdm-2 (b) were determined by Western blotting in MCF-7 and EVSA-T cells after incubation in the absence (C) or in the presence of 100 mg/ml methotrexate (M) for 15 h or 500 ng/ml doxorubicin (D) for 10 h Figure 4 Human papillomavirus type 16 E6 protein inhibits accumulation of p53 and up-regulation of CD95 upon genotoxic treatment in MCF-7 cells. MCF-7 cells were stably transfected either with an empty vector (pCMV-neo) or with a plasmid encoding E6 protein (pCMV16-E6). Protein levels of p53 (a) and WAF1/p21 and CD95 (b) were analyzed by Western blotting in E6 and pCMVneo clones after treatment with or without 500 ng/ml doxorubicin for 15 h cells after drug treatment (Figure 3a) . To elucidate the role of p53 in the induction of CD95, we first determined whether culturing p53 ts cells at 328C was sufficient to up-regulate the expression of WAF1/p21 protein. Results shown in Figure 5b demonstrate that whereas control (puro) cells expressed similar amounts of WAF1/p21 protein at both temperatures, p53 ts cells clearly up-regulated WAF1/p21 levels at 328C. These results indicate that mutant p53 (Val135) was acting as wild-type p53 at 328C in MCF-7 cells and allow us to address whether the accumulated p53 in drug-treated cells was sufficient to elevate CD95 receptor expression in breast tumor cells. Figure 5b shows that control (puro) cells did not express CD95 protein at either temperature. Interestingly, CD95 protein level which was low in p53 ts cells maintained at 378C, was markedly increased after incubation for 3 days at 328C. Similar results were obtained when CD95 expression in the cell surface was analyzed by flow cytometry (not shown).
CD95/CD95 ligand interaction does not mediate genotoxic drug-induced apoptosis in MCF-7 breast tumor cells
It was recently demonstrated that the activation of the CD95/ CD95L system by DNA-damaging drugs plays a role in the apoptotic death of certain tumor cells. 5, 6, 31 In addition, it was shown that ceramide, which accumulates in response to stress, mediates the up-regulation of CD95 ligand expression and apoptosis observed following drug addition or gamma irradiation. 32 However, more recent data has indicated that not all stress stimuli use the same cell death pathways. 33 It was shown that UV, gamma irradiation, and anisomycinstimulated c-Jun N-terminal kinase activity and induced CD95 ligand expression in leukemic cells. Nevertheless, only anisomycin-induced apoptosis was dependent on CD95/ CD95 ligand interactions. 33 To assess the importance of the CD95/CD95L system in genotoxic drug-induced apoptosis of breast tumor cells, we first evaluated the sensitivity of E6 MCF-7 cells to drug-induced apoptosis. We have shown previously that these cells did not up-regulate CD95 expression in response to doxorubicin treatment (Figure 4b) . Interestingly, E6 cells were still sensitive to doxorubicininduced apoptosis ( Figure 6 ) which suggested that the mechanism underlying apoptosis upon DNA damage did not involve the up-regulation of CD95. Similar results were obtained with methotrexate (not shown).
To further investigate the role of the CD95/CD95L system in drug-induced apoptosis in MCF-7 cells we carried out the experiments in the presence of either a CD95 antagonistic antibody or a CD95L blocking antibody. As a control of cells which undergo CD95L-mediated apoptosis we used J-HM1-2.2 Jurkat leukemic cells expressing the human muscarinic acetylcholine type 1 (HM1) receptor. These cells up-regulate FasL expression and undergo apoptosis upon activation of the muscarinic receptor with the agonist carbachol. 34 Results shown in Figure 7c indicate that carbachol-induced apoptosis required the formation of a CD95/CD95 ligand complex as it could be blocked by either an antagonistic CD95 Ab (DX2) or a CD95 ligand blocking Ab (NOK-1). On the contrary, genotoxic drug-induced apoptosis of breast tumor cells was not prevented by blocking CD95/CD95 ligand interactions with antagonistic CD95 Ab or CD95 ligand Ab (Figure 7a and b) . Furthermore, genotoxic drugs did not induce the expression of CD95 ligand in breast tumor cells (Figure 8) , as determined by Western blot analysis with the CD95-independent apoptosis in breast tumor cells M del Carmen Ruiz-Riuiz and A Lo Â pez-Rivas CD95L antibody Q-20. By using the same CD95L antibody we were able to detect CD95L up-regulation in J-HM1-2.2 Jurkat cells treated with carbachol ( Figure 8) . Altogether, these results demonstrated that in MCF-7 cells chemotherapeutic drug-induced apoptosis occurred by a CD95/ CD95L-independent mechanism.
Agonistic CD95 antibody and lower concentrations of DNA-damaging drugs synergistically induce apoptosis in breast tumor cells Despite the lack of CD95/CD95L involvement in genotoxic drug-induced apoptosis of breast tumor cells, we were interested in knowing whether lower, non-apoptotic doses of genotoxic drugs could up-regulate CD95 in the cell membrane of MCF-7 cells and render these cells susceptible to CD95 ligation-mediated apoptosis. Treatment of cells from the breast tumor cell line MCF-7 with lower concentrations of either methotrexate or doxorubicin still induced CD95 expression in the cell membrane (Figure 9a) . The drugs at the doses used in these experiments, did not cause apoptosis in the short-term (Figure 9b ), although they did activate this cell death program after prolonged incubation (not shown). However, when the cells were incubated with the drugs in the presence of agonistic CD95 antibody CH-11, a marked synergism was found in the induction of cell death (Figure 9b ).
Discussion
Several studies have indicated that the CD95/CD95L system is involved in the mechanism of genotoxic drug-induced apoptosis in different tumor cells. 5, 6, 31 Furthermore, it was recently demonstrated in hepatoma cells that apoptotic cell death induced by antitumor drugs involves the regulation of the CD95/CD95 ligand system and is dependent on wild-type p53. 6 More recently, it was shown that ceramide, which CD95-independent apoptosis in breast tumor cells M del Carmen Ruiz-Riuiz and A Lo Â pez-Rivas accumulates in response to stress, mediates the upregulation of CD95 ligand expression and apoptosis observed following drug addition or gamma irradiation. 32 Our results in breast tumor cells are in agreement with the results obtained in hepatic carcinomas in the sense that wildtype p53 is necessary for drug-induced up-regulation of the CD95 receptor. 6 However, in contrast to the hepatoma system, we did not detect CD95 ligand in breast tumor cells treated with DNA-damaging drugs which induce CD95 expression and apoptosis. Our results also demonstrate that preventing p53 accumulation and CD95 expression with the HPV16-E6 protein does not block drug-induced apoptosis in MCF-7 breast tumor cells. Furthermore, blocking the interaction between CD95 and CD95L with specific antibodies does not prevent chemotherapeutic drug-induced apoptosis in breast tumor cells. On the other hand, our data indicate that EVSA-T cells do not express CD95 receptor and its expression is not up-regulated by genotoxic drugs. However, these cells are sensitive to chemotherapeutic drug-induced apoptosis. Altogether, these data suggest that in the breast tumor cell lines studied, DNA damage-induced apoptosis does not require up-regulation of the CD95/CD95 ligand system. Moreover, after analyzing different breast cancer cell lines we observed no direct correlation between drug-induced cell death and p53 activity (not shown), suggesting that p53-independent mechanisms of apoptosis may be operating in breast carcinomas, as recently reported in human breast tumor xenografts. 35 Similar findings have been reported in other tumor cells. 36, 37 In our experiments we observed the cleavage of PARP in drug-treated cells. These results suggest that the activation of caspases may be the mechanism underlying genotoxic drug-induced apoptosis of breast tumor cells. It is interesting that drug-induced PARP cleavage is observed in MCF-7 cells which do not express caspase-3 due to gene deletion. 19 However, recently published data indicate that other caspases may also play a role in the degradation of nuclear substrates. 20, 38 The mechanism by which genotoxic stress leads to activation of caspases and apoptosis is not clear. Nevertheless, some clues have been provided by recent work showing the up-regulation of caspases genes in human leukemic cells and colon carcinoma cells following genotoxic treatment. 39 In this report, the increased expression of caspases preceded the appearance of apoptotic characteristics. 39 Furthermore, other studies have provided evidence for a p53-independent up-regulation of caspases genes and apoptosis by chemotherapeutic drugs, through the induction of interferon-responsive transcriptional activator, IRF-1. 40, 41 Further work is requried to elucidate the mechanisms regulating the activation of caspases in breast tumor cells by chemotherapeutic treatments.
Synergistic action on apoptosis between DNA-damaging drugs and CD95 signaling has been previously observed in different tumor cells, 15, 16 although the mechanisms underlying these co-operative effects are not completely understood. Breast tumor cells express low levels of CD95 antigen and therefore are not killed by CD95 antibodies. 14 The data herein indicate that DNA-damaging drugs sensitize breast tumor cells to CD95-mediated apoptosis. Furthermore, we provide evidence indicating that these drugs induce the expression of CD95 receptor in breast tumor cells, which may explain the strong co-operative effect found between chemotherapeutic drugs and CD95 antibody in the killing of these cells by apoptosis. However, at present we can not exclude the possibility that other signals downstream of the ligation of CD95 receptor can also be facilitated by drug exposure. In this respect, it should be mentioned that breast tumor cells are sensitized to CD95-mediated apoptosis after treatment with interferon-g.
14 Although the mechanism of this sensitization does not involve an increase in CD95 expression, the level of interleukin-1b-converting enzyme (ICE) is enhanced in cells incubated with interferon-g. 14 Our data suggest that a combined treatment with factors such as interferon-g, which induces the expression of enzymes of the cell death machinery used by the CD95/ CD95 ligand system, 14 and low doses of DNA-damaging drugs, which upregulate CD95 receptor in the membrane of breast tumor cells (this report), may be important in the elimination of the tumor cells by CD95 ligand-expressing cells, namely activated cytotoxic T lymphocytes which infiltrate the tumor. 42 The regulation of CD95 expression by p53 has been analyzed in several cell models. 6, 18, 43 Recently, a correlation was found between expression of CD95 after girradiation and wild-type p53 activity in different tumor cell lines, including breast cancer cells. 17 However, direct demonstration that drug-induced elevation of CD95 receptor is dependent on p53 accumulation has not yet been reported in breast tumor cells. Our results with antitumor drugs in MCF-7 cells transfected with the human papillomavirus type 16 E6 DNA are the first demonstration of the role that DNA-damage-mediated p53 elevation play in regulating CD95 expression in breast tumor cells. Furthermore, these results may at least partially explain the observed relation between clinical outcome after radio-or chemotherapy and p53 activity in breast cancer, 44 ± 46 despite the fact that the p53-independent apoptosis of these tumor cells has been described upon DNA damage in an animal model. 35 In this report we have shown that in human breast carcinomas, in the absence of DNA damage, the expression of wild-type p53 alone is sufficient to upregulate CD95 receptor levels in these tumor cells. Transfection of human wild-type p53 in human non-small cell lung carcinoma and erythroleukemia cells has recently been shown to cause a marked accumulation of cell surface CD95. 18 In erythroleukemia cells regulation of CD95 by p53 takes place at the transcriptional level. 18 Wild-type p53 is a sequence-specific transactivator for gene promoters containing two copies of the motif 5'-PuPuPuC(A/T)(T/A)GPyPyPy-3'. 47 This sequence has been found in the promoter region of apoptosis-related genes like bax 48 and IGF-BP3. 49 Sequence analysis of the human CD95 promoter has indicated that a DNA-binding site for p53 is present 1.3 kb upstream in the 5'-flanking region of this gene, 50, 51 although the functionality of this site has not been demonstrated. We are currently investigating the mechanism of p53-dependent up-regulation of CD95 in breast cancer cells. 
Materials and Methods
Materials
Cell lines
The human breast tumor cell lines MCF-7 and EVSA-T were maintained in culture in RPMI 1640 medium containing 10% FCS, 1 mM L-glutamine and gentamycin.
Analysis of cell viability and apoptosis
Cell viability was determined by the crystal violet method as described. 52 Cell surface PS was detected by flow cytometry after staining with Annexin-V-FLUOS (Boehringer Mannheim). Hypodiploid apoptotic cells were determined by cytofluorimetric analysis of DNA content after extraction of the degraded DNA from apoptotic cells, following a recently described method. 53 The genotoxic treatments used were methotrexate, doxorubicin or g-irradiation (6 Gy). CD95-induced apoptosis was assessed after incubation with CD95 mouse monoclonal IgM antibody CH-11.
Immunoblot detection of PARP
Cells were detached from the culture flask with RPMI medium containing 3 mM EDTA, washed with phosphate-buffered saline (PBS) and resuspended in 20 ml sample buffer (50 mM Tris-HCl pH 6.8, 6 M urea, 6% 2-mercaptoethanol, 3% SDS, 0.003% bromophenol blue) and sonicated. Proteins were resolved on SDS-10% polyacrylamide minigels and transferred onto Immobilon membranes (Millipore). The blot was blocked with 5% milk powder in PBS/0.1% Tween 20 (PBS/ Tween) for 1 h, washed with PBS/Tween, and incubated with antiserum anti-FII (1 : 2000) for 1 h. The blot was washed again with PBS/Tween and developed with horseradish peroxidase (HRP)-coupled goat anti-rabbit (1 : 2000; DAKO) followed by enhanced chemiluminescence (Amersham Intl., UK).
Determination of CD95 expression
Following detachment of the cells with RPMI/EDTA, cytofluorimetric analysis of CD95 was performed with CD95 mouse monoclonal IgG antibody DX2 (1 mg/ml). 54 To determine CD95 protein levels, extracts from breast tumor cells were prepared as described above and CD95 was detected with a CD95 rabbit polyclonal IgG antibody (0.2 mg/ml) (C-20, Santa Cruz). CD95 mRNA expression was determined by Northern blot analysis using the 0.7 kb XhoI-BamHI DNA fragment of the pBLF58-1 plasmid 7 as a probe. The probe was labeled with 32 P by the random primer procedure.
Analysis of the expression of p53, WAF1/p21 and MDM2 proteins
Proteins were detected by Western blot analysis with anti-p53 sheep polyclonal IgG antibody (1 : 2500) (Oncogene Research Products, Cambridge, MA, USA), anti-WAF1/p21 rabbit polyclonal IgG antibody (0.1 mg/ml) (Santa Cruz) and anti-MDM2 mouse monoclonal IgG1 antibody (0.5 mg/ml) (Santa Cruz).
Immunoblot detection of Fas ligand
Acetone-precipitated proteins from cell lysates were resolved in 10% SDS ± PAGE minigels. Blots were probed with rabbit polyclonal antiFasL Ab (0.1 mg/ml) (Q-20, Santa Cruz).
Generation of stable transfectants of MCF-7
Stable cell lines expressing the human papillomavirus type 16 E6 protein 26 were generated by electroporation of MCF-7 cells with 10 mg of either pCMV-neo or pCMV16-E6 DNA and selection in culture medium with 2 mg/ml G418 sulfate (Sigma Chemical Co.). Resistant clones were analyzed for their failure to accumulate p53 upon DNA damage.
To generate breast tumor cells expressing temperature-sensitive p53, MCF-7 cells were cotransfected by electroporation with the plasmid pBabe-puro (2 mg) which confers resistance to puromycin and 10 mg of either the empty vector or pLTRcGp53(Val135). 27 Resistant clones were selected in 1 mg/ml puromycin (Sigma) and analyzed for p53 expression by Western blot.
